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Fifteen new O-aryl O-ethyl 2-chloroethyl phosphonates 4a-o have been synthesized by condensing 2-chloroethyl
phosphonyl dichloride 3 with ethyl alcohol followed by substituted phenols. The phosphonates are tested for their
fungitoxicity in vitro against two phytopathogenic fungi viz .• Sclerotium rolfsi and Rhizoctonia solani. O-Ethyl 0-
2,4,5-trichlorophenyl 2-chloroethyl phosphonate (4m, ED50 28ppm) and O-ethyl O-pent~chlorophenyl 2-
chloroethyl phosphonate (40, ED50 2.9 ppm) are the most active compounds against S. rolfsi and R. solani
respectively and possess better activity as compared to ediphenphos and O-methyl series (ref.2). The quantitative
structure activity relationships on the fungicidal activity has been analysed by means of multiple regression analysis.
Physico-chemical parameters of phenyl ring substituents using hydrophobic, electronic and steric properties indicate
that hydrophobic and electronic parameters have major contribution in determining the fungitoxicity of
phosphonates as compared to position specific steric parameters.
Organophosphorus pesticides comprise one of the
major groups among the synthetic pesticides.
These are well known for their insecticidal
activities owing to their ester nature which can be
easily degraded hydrolytically, enzymatically or
biologically. The fungicidal properties of these
group of compounds are of recent developements.
From a chemist's view point the most valuable
property of organophosphorus compounds is the
sheer diversity of combination of substituents
possible at the central phosphorus atom which
governs precisely variation of the activity and
toxicological, physical and chemical properties
within certain limits. Several series of phosphonate
fungicides were developed and reported earlier
la Ib btai . dfrom our laboratory' to 0 tam most active an
safer fungicide as compared to edifenphos. The
latest development in this direction is the
preparation and testing of two series of compounds
e.g., O,O-bisaryl 2-chloroethyl phosphonates and
O-aryl O-methyl 2-chloroethyl phosphonates'
which possessed good fungicidal activities not at
par to that of edifenphos. It was of interest
therefore to study the effect of lengthening the
alkyl chain by one carbon atom of the latter series.
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With this objective we synthesised a series of 0-
aryl O-ethyl 2-chloroethyl phosphonates (4 a-o)
and evaluated their fungicidal activity against
Sclerotium rolfsi and Rhizoctonia solani, the soil
borne fungi damaging important oil seed crops.
The quantitative structure activity relationships of
these phosphonates are also discussed.
2-Chloroethyl phosphonyl dichloride 3 which
was obtained by the reaction of 1,2-dichloroethane
with PCh in the presence of AICh. was condensed
with ethyl alcohol followed by respective phenols
to furnish O-aryl O-ethyl 2-chloroethyl
phosphonates (4 a-o ) (Scheme I).
The fungicidal activity of compounds (4 a-o)
was evaluated against two fungi viz., Sclerotium
rolfsi and Rhizoctonia solani by the poisoned food
technique:'. The phosphonates 4 3-0, their physical
data and fungitoxicity data expressed as ED50
values in mg mL'l are given in Table 1. The ED50
(ppm ) values of the phosphonates indicate that
fungicidal activity depends on the nature and
position of the substituents in the benzene ring.
In case of Sclerotium rolfsi, the activity of the
substituents in the phenyl ring follows the order:
2,4,5-Ch > Cis> 2-CI, 4-N02 > 2,4-Ch > 2,4,6-Ch
> 3-CH3,4-CI > 2-CI > 4-CI > 4-N02 > 4-C(CH3h
> 2--N02 > 3,4-(CH3h > 4-0CH3 > 4-CH3 > H .
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All the compounds 4a-o were liquids except 40 and 40 whose
m.ps. were 90-91 °C and 97°C respectively.
Again among the monosubstituted phenyl
derivatives the activity is of the order: 2-CI > 4-CI
> 4-NOz> 4-C(CH3h > 2-N02> 4-0CH3 > 4-CH3>
H. With the disubstituted phenyl derivatives the
activity order is: 2-CI, 4-NOz > 2,4-CIz > 3-CH3, 4-
CI > 3,4-(CH3h and among the trisubstituted
derivatives the order is 2,4,S-CI3 > 2,4,6-CI3. The
substituted phenyl derivatives are observed to be
more active than the unsubstituted one. The most
active compound in the series against Sclerotium
Scheme I
rolfsi is O-ethyl 0-2,4,5-trichlorophenyl 2-chloro-
ethyl phosphonate 4 m having ED so value 28 ppm
(reference standard, ediphenphos, 60 ppm).
In case of Rhizoctonia solani , the activity of the
substituents in the phenyl ring of the phosphonates
follows the order: Cis> 2,4,S-Ch > 2-CI, 4-NOz>
2,4-Clz > 2,4,6-Ch > 3-CH3,4-CI > 4-NOz> 2-N02
> 3,4-(CH3h > 4-CI > 4-CH3 > 2-CI > 4-C(CH3h>
H >4-0CH3.
The activity order of the compounds among
mono substituted phenyl derivatives is: 4-N02 > 2-
NOz > 4-CI >4-CH3 > 2-CI > 4-C(CHJh > H > 4-
OCH3; and with disubstituted phenyl derivatives
the order is: 2-CI,4-NOz > 2,4-CIz > 3-CH3,4-CI >
3,4-(CHJh and among trisubstituted the order is:
2,4,S-CIJ > 2,4,6-Ch.
All the substituted phenyl derivatives are more
active than the unsubstituted phenyl one except the
4-0CHJ substituted derivative which is less active
than the un substituted phenyl derivative.
The most active compound in the series against
Rhizoctonia solani is O-ethyl O-pentachlorophenyl
2-chloroethyl phosphonate 4a having EDso value
2.9 ppm (reference standard 2.8 ppm).
Thus activity against both the fungi if compared
reveals that the di- and tri-substituted derivatives
show exactly the same order of activity but with
monosubstituted phenyl derivatives the order of
activity follows irregularity. Conclusively, the
chloro and nitro groups enhance the fungicidal
activity of the phosphonates. Thus O-ethyl 0-
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2,4,5- trichlorophenyl phosphonate (4m, ED50 28
ppm) and pentachlorophenyl analogue (40, ED50
2.9 ppm) are the most active compounds against S.
rolfsi and R. solani respectively.
Quantitative Structure Activity Relationship Analysis
The quantitative structure activity relationship
analyses have been carried out on the fungicidal
activity of the phosphonates using ED50 values of
both Sclerotium rolfsi and Rhizoctonia solani and
various physico-chemical parameters of the phenyl
ring (Table II ) viz. hydrophobic, electronic and
steric properties. It is observed that the steric
factors have no contribution towards fungicidal
activities and hence only four regression equations
(Table III)are obtained which are discussed below.
The activities of the compounds have also been
calculated based on the best fitted equations (Table
IV) and the correlation matrix for the parameters







The statistical terms included in the regression
models (Table III) are:
n = Number of cases i.e.number of compounds
included in the correlation
s = Standard error
r = Correlation coefficient
/ = Contribution of substituent parameters in
the regression equation towards the fungicidal
activity
. Fv1,v2 = F ratio of the correlation where
v l ,,; m and v2 = n-m-l and
.m ~ number of independent variables used in
the correlation,
The values in the parentheses below the
regression coefficient of each parameter are the
respective standard errors of estimates.
Regression equations ( El & E2 )were obtained
for the fungicidal activity of phosphonates against
S. rolfsi using the data for fifteen compounds
(4 a-o), Equation El shows that s alone contributes
about 55 % (r= 0.7424) towards fungitoxicity of 0-
aryl O-ethyl 2-chloroethyl phosphonates against S.
rolfsi. A combination of both rt and o parameters
give better correlation r = 0.90, (E2) which
accounts for 81% variance in fungitoxicity.
Table II-Substituents parameters used for the QSAR analysis
Rin4 1t (J F L BI B4
H 0,00 0,00 0.00 2.06 1.00 1.00
CH3 0.56 -0.17 -0.04 3.00 1.52 2.40
(-0.07)
OCH3 -0.02 -0.27 0.26 3.98 1.35 2.87
C(CH3) 1.68 -0.20 0.00 4.11 2.59 2.97
N02 -0.28 0.78 0.67 3.44 1.70 2.44
Cl 0.71 0.23 0.41 3.52 1.80 1.80
(0.37)
(J values given in parentheses are for meta substituents while
others are for ortho and para substituents.
Introduction of other parameters like L, B 1 or B4
did not produce any significant effect in the
correlation. So equation E2 is considered to be the
best fitted equation for determining the
fungitoxicity of phosphonates against S. rolfsi. The
-log ED50 (M) values calculated from E2 (Table
IV) are comparable to the observed values for all
the compounds. The positive signs associated with
1t , o in E2 indicate that fungicidal activity of
phosphonates against S. rolfsi increases with the
increase in the value of 1t and cr.
Equations (E3 & E4) express the fungitoxicity
of phosphonates against Rhizoctonia solani. Only
14 compounds are used in the regression analysis
as compound 4j was excluded. Equation (E3)
shows that variation in fungitoxicity due to o term
is 69% . Inclusion of rt term in E3 gives better
correlation r = 0.951 (E4). E4 which includes both
1t and o terms accounts for 91 % of the variance in
the fungitoxicity of phosphonates. Addition of any
other parameters did not produce any significant
effect in the correlation. So E4 is considered to be
the best fitted equation for determining the
fungitoxicity of phosphonates against Risolani. The
-log EDso(M) values calculated from E4, (Table IV)
are comparable to the observed values for all the
compounds except for compound 4j which is
excluded from the correlation analysis. The
positive signs associated with 1t , o terms indicate
that the fungicidal activity of the phosphonates
increases with the increase in the value of these
parameters.
It is concluded from the QSAR study that the
hydrophobic and electronic parameters have a
major contribution in determining the fungitoxicity
of O-aryl O-ethyl 2-chloroethyl phosphonates
against S.rolfsi and R.solani and the fungitoxicity
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Table III-Regression equations for fungicidal activity of a-aryl a-ethyl 2-chloroethyl phosphonates 4a-o
Regression Eqns. n s r r FV],v2*
[-log EDso (M)]
Sclerotium rolfsi
3.191 +0.649 l:cr 15 0.289 0.742 0.551 Fl,13 =15.96
(El)
3.030+0.5112l:cr+0.208l:1t 15 0.196 0.900 0.81 Fl,12=25.43
(E2)
Rhizoctonia so/ani
3.56+ 1.03 :Ecr 14 0.350 0.832 0.69 Fl,13=25.68
(E3)
3.362+0.844 :Ecr+0.268 :E1t 14 0.203 0.951 0.89 FI,12=28.77
(E4)
*Literature value at 99 % level
Table IV--Observed and calculated -log EDso (M) values of

















-log ED so (M) against .
Sclerotium ro/tsi Rhizoctonia so/ani
Obs. Calc.' Obs. Calc.b
2.72 3.03 3.21 3.36
2.96 3.06 3.68 3.37
3.25 3.28 3.49 3.64
3.0 2.89 2.81 3.13
3.23 3.37 3.93 3.95
3.25 3.37 3.96 3.95
3.32 3.30 3.68 3.75
3.31 3.30 3.72 3.75
3.19 3.14 3.74 3.46
3.53 3.37 3.11 3.84
3.89 3.64 4.43 4.33
3.86 3.56 4.42 4.13
4.10 3.90 4.56 4.63
3.66 3.83 4.37 4.51
4.07 4.31 5.16 5.21
Values calculated (a) from Eqn (E2), (b) from Eqn. (E4)
increases with increased hydrophobicity and
electron withdrawing nature of the benzene ring
substituents (-I groups).The position specific steric
effect of the substituents in the benzene ring
expressed in terms of STERIMOL parameters L,
B I and B4 does not contribute significantly
towards the fungitoxicity.
Experimental Section
Melting points are uncorrected. IH NMR spectra
were recorded on a Varian EM-360 (60 MHz)
spectrometer in CCl4 solvent using TMS as
internal standard. IR spectra were recorded in a
"Nicolet Fr-IR spectrometer (Model Impact 400 )
in thin film for liquid samples and in KBr pellets
for solid samples.
Preparation of 3: modified procedure'. A
mixture of PCh '(34.4 g, 0.25 mole), anhydrous
AICh ( 33.4 g ,0.25 mole) and 1,2-dichloroethane
(24.75 g, 0.25 mole ) was refluxed in a three
necked R.B. flask with stirring till all the AICh
dissolved (ca. 1 hr.). After cooling (0-5 "C), 250
mL of methylene chloride was added slowly from a
dropping funnel with stirring and then water (45g,
2.5 moles) was added dropwise at -10 °C with
vigorous stirring. After removal of hydrated AICh
the solvent was distilled off and the residual liquid
was distilled under reduced pressure (b.p. 100°C /
20 mm , lit. b.p.77 °C/6mm ) to give a colourless
liquid (yield 15 g).
Preparation of O-aryl O-ethyl 2-chloroethyl
phosphonates 4a-o: In a 250 mL three necked
R.B. flask fitted with mechanical stirrer and
equipped with a dropping funnel and a CaCl, guard
tube, 0.012 mole of 3 was taken in 50 mL dry
benzene and to it 0.006 mole of absolute ethanol
dissolved in 0.006 mole of dry triethylamine
diluted to 10 mL with dry benzene was added at 0-
5 °C with stirring. After addition was complete the
mixture was brought to r.t. and stirred for 1 hr and
further 1 hr at 50-60°C. Then 0.006 mole of
substituted phenol along with 0.006 mole of Et3N
in 15 mL of dry benzene was added at 20 °e. The
mixture was then stirred further for 4 hr at r.t. The
triethylamine hydrochloride salt was filtered and
the filtrate was washed with chilled 1 % NaOH
solution to remove the unreacted phenol followed
by washing with sufficient water to remove traces
of alkali and dried over anhydrous Na2S04. The
solvent was distilled off and the residual crude
product was purified by column chromatography
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over sillica gel using benzene: ethyl acetate (9: 1,
v/v) as eluent.The phosphonates 4 a-o thus
prepared are recorded in Table 1. The purity of the
products was checked by TLC and their structures
were confirmed by IR and IH NMR spectra.
4a: IR: 1024 (P-O alkyl stretching), 1214 (P-O aryl
stretching), 1264 ern" (p=O stretching): IHNMR
(CCI4): 0 t.r-i.e (t, 3H, C-CH); 2.1 -2.8 (m, 2H,
P-CH2); 3.4-4.7 (m, 4H, CI-CH2 and O-CH2
merged) and 7.2-7.8 (m, 5H, aromatic protons).
Fungicidal activity
The fungicidal activity of O-aryl O-ethyl 2-
chloroethyl phosphonates (4 a-o) was carried out
against Sclerotium rolfsi and Rhizoctonia solani by
the poisoned food technique" in potato - dextrose -
agar medium using ediphenphos as the reference
standard. The corrected % inhibition data were then
fed to a BASIC LDso programme version 1.1
written by Trevorss to get EDso values of the
compounds (Table I).
QSAR studies
QSAR studies of the prepared phosphonates
were carried out on fungicidal activity for
Sclerotium rolfsi and Rhizoctonia solani. This
requires the biological activity parameters to be
expressed in molar quantities. Thus the ED so
values obtained above (expressed in ppm) were
converted into the units of moles per litre [EDso
(M)] by dividing ED so (ppm) by the molecular
weight of the test compound and further dividing
by 1000. The negative logarithm of this value was
taken to get the pEDso (M) value which was used
as the dependent variables for correlation studies.
The physico-chemical parameters of the phenyl
ring substituents (Table II) for hydrophobic,
electronic and steric properties were taken as
independent variables. Hansch 1t values were used
as measure of hydrophobicity", Hammett constant
o as electronic parameters'', Swain-Lupton constant
F for electronic effect of ortho-substituene and
Verloop STERIMOL parameters L, Bl and B4
which represent length, minimum and maximum
width of groups, respectively. 1t and o values in the
multisubstituted aryl derivatives were obtained by
adding the values of all the ring substituents
corresponding to their position. The values for
steric parameters were used as a summation of
values for each ortho-, meta- and para- positions.
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